Abstract -We consider a slotted ring that allows simultaneous transmissions of messages by different users, known as ring with spatial reuse. To alleviate fairness problems that arise in such networks, policies have been proposed that operate in cycles and guarantee that certain number of packets, called quota, will be transmitted by every node in every cycle. We provide suficient and necessary stability conditions for such rings.
I. INTRODUCTION
We consider a ring with spatial reuse, i.e., a ring in which multiple simultaneous transmissions are allowed as long as they take place over different links (cf. [l, 2, 31) . Time is dividcd in slots and each slot is equal to the smallest transmission unit, called packet. A node receiving a packet with destination another node in the ring (ring packet), may retransmit the packet in the outgoing link i n the sume slot.
While rings with spatial reuse have higher throughput than standard token passing rings, they also introduce the possibility that some overloaded nodes may block other nodes from accessing the ring. To avoid this problem, the following policy is proposed in [I, 21 for the operation of the ring. Each node is assigned a number called "quota". T h e policy operates in cycles. A node is allowed to transmit during a cycle as long as the number of transmitted packets does not exceed its assigned quota. A cycle ends when the quotas of all nodes are delivered to their destinations. In this way, the operation of a node with regular traffic requirements is not adversely affected by nodes that may become overloaded. An analysis of the throughput characteristics of this policy is presented in [3] , where it is also shown that if the end-to-end throughput requirements result in aggregate traffic load for each link of the network less than one, then the node quotas can be selected to achieve these throughput requirements.
MAIN RESULTS
'The primary goal of this work is to obtain the stability region of the ring network with finite quota and to compare it with the maximum achievable stability region for such ring networks (cf. [3] ). T h e second motivation is to extend our stability approach of multidimensional distributed systems developed in Georgiadis and Szpankowski [4, 5] and Szpankowski [6] to ring networks with spatial reuse. T h e conditions for stability are derived by means of a technique that is based on an application of mathematical induction, stochastic monotonicity properties and Loynes stability criteria. A special technique, 'Supported by NSF Grants NCR-9206315 and CCR-9201078. 'Research supported in part by NSF under grant NCR-9211417. based on the structure of the complement of the stability region and the coastruction of a dominant system, permits the derivation of the necessary stability conditions from the instability condition of a dominant system. The general steps of the above stability analysis have been applied to the analysis of other systems as well (cf. [4, 5, 61). It should be stressed that this general construction of [4, 61 requires detailed and subtle modifications for almost every queueing network which may be far €rom trivial, and this analysis is a typical example. In addition we provide a decomposition and characterization of the instability region of the system.
T h e exact computation of the stability region depends on the distribution of the arrival processes and this often renders this computation intractable. The dependence on the distribution leads us to the introduction of the notions of the essential and absolute stability region. T h e first contains any arrival rate vector such that for every distribution with this arrival rate vector the network is stable. T h e second contains any arrival rate vector for which there exists some distribution with this arrival rate vector under which the network is stable. Both stability regions have interesting practical implications. If the arrival distribution is not known, then the essential stability region is essentially the operational region of the system. The absolute stability region specifies what is achievable when the arrival streams can be shaped to have the statistics which lead t,o higher throughput. We present a method based on linear programming that permits the development of upper and lower bounds on the stabiiit,y region using only the knowledge of the average cycle lengths. For the case of two nodes we provide a closed-form expression for the region of arrival rates where the system is stable for any arrival distribution.
